
Data  Management:
•caArray database

Analysis Tools:
•caWorkbench
•webCGH

caArray – cancer array informatics

http://caarray.nci.nih.gov/



Gene Expression Data Portal (NCICB)
•Based on MIAME 1.0
•Public data repository
•Affymetrix, Spotted Array, CGH, and
SAGE data

Available in September 2004:
caArray database (NCICB)
•Based on MIAME 1.1
•Public data repository 
•Local deployment at cancer centers

Available now:
MIAMExpress (EBI)
•MAGE-ML import to caArray database

Data Management



Survey of Existing MicroArray Systems

19 Existing MicroArray systems compared on the following criteria
– Computationally MIAME 1.1 compliant 
– MAGE-ML Import
– MAGE-ML Export
– Affymetrix native file upload support
– Genepix native file upload support
– Security and data sharing capabilities
– Ability to modify data after submission

• Add/Remove Hybridizations
• Correct mistakes in annotations

– Architecture/Open source
• Ease of integration with caCORE technologies

No existing system was found to meet these needs



caArray Goals

Simplified data submission and annotation
– Allow MAGE-ML import
– Allow Affymetrix and GenePix native file uploads for Hybridizations
– Provide MIAME 1.1 level annotations with intuitive interface
– Controlled vocabularies (MGED ontology)

Allow modification of data after original submission

Interoperability
– MAGE-ML import and export
– Open API

Leverage existing open source technologies
– Utilizes the MAGE-stk Java toolkit
– Uses Apache/Jakarta Object Relational Bridge to map MAGE objects to 

relational database

Advanced data sharing capabilities



caArray Data Management Features

Security
– Supports sharing of data with 

arbitrary groupings of users
– Supports public/private data

Data Submission
– MAGE-ML 
– Affymetrix and GenePix files

Data Modification
– All data can be modified by user 

with sufficient privileges after 
submission

– Add/Remove Hybridizations

Simplified MIAME 1.1 
Annotations
– Re-usable data definitions

• Protocols, Hardware, and 
Software

• Array designs

• Biomaterials

• Experiment

BioMaterial Annotation
– Create BioSource and annotate it
– Apply treatments to derive 

biomaterials and labeled extracts



Update Protected Data

Read Protected Data

Login

Logout

User

Add P rotected Data to System

Submit Request to Share Data

Data Owner

Specify Vis iblity of Protected Data

<<include>>

Delete Protected Data from 
System

Specify Owner of Protected Data
Curator

ManageDataAccessDetails
Data management 
in the caArray system

caArray SoDA 
Use Case Template:
http://caarray.nci.nih.gov/caARRAY/devdoc/caarraydbdocs



Create User Remove User

Create Role

Remove Role

Assign Roles To User

Select Consortiums to Limit Roles 
For User

<<include>>

Create Consort ium

Remove Consortium

emove Pers on

Modify User

Modify Role

Modify Consortium

Modify Person

Modify Organization

Remove Organization

Create Organization
Promote Person to User

Demote User to Person

Create Person

UserM anager

Register as New P erson

<<include>>

Change Own Password

User



caArray UI prototype
http://caarray.nci.nih.gov/caARRAY/devdoc/caarraydbdocs



A list of additional functions depending 
on user roles/rights/



Protocol Management



Dynamic Ontologies



BioMaterialCharacteristics



BioMaterial
Characteristics

Specify 
relevant
characteristics







New Experiment: 
General Information 
and 
Experimental Factors

File Upload



Upload 
processed data files

Upload 
any other files



Data Curation

1. Information submitted via caArray user interface:
• Local caArray installation:

Each center can have its own data curation policies.
• Data annotation according to the published 

MIAME checklist.

2. MAGE-ML curation:
• MAGE-ML exchange between different caArray 

installations does not require additional curation.
• MAGE-ML exchange between caArray and other systems 

(e.g. GeneTraffic) may require curation.



N-tier architecture
– Struts/Servlet based user 

interface
– EJB API layer to access 

services
– Data Access Objects 

(DAO) encapsulation of 
persistence layer

– Object Relational Bridge 
(OJB) used to map 
MAGE-stk objects to 
relational database

– MAGE-stk used for 
MAGE-ML import/export

MAGE API provides RMI 
read only access to data

caArray Architecture

Browser

Browser

caArray 
Servlet

ArrayDesign
EJB

Vocabulary
EJB

Security
EJB

Experiment
EJB

MAGE-stk

Object Relational Bridge (OJB)

caArray
DB

MAGE
-ML

MAGE
API

RMI 
Clients



caArray System at Cancer Centers

NCICB

Cancer Center

MAGE-M L

caArray

caArray

caBIO

caDSR/EVS

NCICB
SecuritycaArray

DB

MAGE API caWorkbench



caArray Analysis Tools

WebCGH
– Struts/Servlet application
– Utilizes MAGE-API RMI interface 

to obtain data from caArray
database

caWorkbench
– Java Swing application
– Utilizes MAGE-API RMI interface 

to obtain data from caArray
database

caArray
DB

MAGE
API

caWorkbenchWebCGH
Servlet

Browser

Browser

caBio



caWorkbench
•A suite of analysis, visualization and annotation 
functions for microarray data.

•Allows access (via the caBio API) to data sources 
containing information relating to genes and pathways.

•The long term goal is to evolve caWorkbench into a 
flexible, configurable and integrated platform 
that provides access to the data and annotations
hosted by NCI and affiliated institutions.



caWorkbench v1.0: 

caWorkbench v1.0 released in September 2003

Application is available at http://ncicb.nci.nih.gov/download/

V1.0 features:
– Color mosaic view
– Microarray view
– Tabular view
– Data filtering 
– Data normalization
– Hierarchical clustering
– Self Organizing Maps
– BioCarta pathways
– CGAP gene annotations



caWorkbench v2.0
• Performance and usability enhancements

multiple color schemes
caching of caBio calls
analysis workflow builder

• Support for new data types
UCSF SPOT, Array Suite, proteomics

• New analysis components:
scatter plots, whole genome plots, 
value distribution, principal component 
analysis, additional normalizers and filters.

• Annotations and via caBio:
UCSC genome annotations, CGAP data

• Data Integration
clinical, caImage



webCGH

• webCGH v1.0 available in March 2004

1. Line plots
2. Annotation plots

Data visualization and mining tool for array-based CGH data



Line Plots

Genome Plot

Chromosome Plot



Annotation Plot



webCGH v2.0

- Simultaneous visualization of gene copy number 
and gene expression data.

- Support for additional data formats.
- Clone/probe annotation via caBIO.
- Integration with cytogenetic databases.
- Simultaneous visualization of human and mouse data.
- Ability to save images and data.
- Queries of specific genes across different experiments.
- Select a group of relevant genes and generate a report.
- Visualize data along chromosome ideograms.


